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lated enzymatically and studied using confocal microscopy.
Chronic overloading increased cardiomyocyte volume at 10 but not 6 weeks
(Control 45,34852373mm3, n=47 vs. OV 6 weeks 48,78552237mm3, n=60
vs. OV 10 weeks 56,06653091mm3, n=42; p<0.05) and disrupted t-tubule reg-
ularity, which was measured as the power of the dominant frequency of the
Fourier transform of Di-8-ANEPPS images (Control 1.6950.1x107, n=44 vs.
OV 10 weeks 9.4551.0x106, n=33; p<0.001), despite preserved Ca2þ tran-
sients. Unloading decreased cardiomyocyte size and induced time-dependent
Ca2þ transient changes. Ca2þ release synchronicity (measured by the variance
of the time-to-peak of the Ca2þ transient) was disrupted at 8 but not 4 weeks
(Control 269.6517.13ms2, n=106 vs. UN 4 weeks 331.6523.67ms2, n=46
vs. UN 8 weeks 403.5535.4ms2, n=50; p<0.01), as was the t-tubule regularity
(Control 1.5950.01x107, n=107 vs. UN 4 weeks 1.7550.1x107, n=53 vs. UN
8 weeks 1.150.0007x107, n=82; p<0.01).
We demonstrate that an increase or decrease in load results in time-dependent
disrupted t-tubule morphology. This can provide a mechanism for inefficient
CICR observed in chronic heart failure and the functional deterioration after
prolonged unloading of the heart using left ventricular assist devices.
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The transverse tubules (t-tubules) of cardiac myocytes facilitate a rapid and
synchronous contraction. Loss of t-tubule structure has been reported in several
animal models of cardiac failure and also in human heart failure. The loss of
t-tubule structure is thought to disrupt calcium induced calcium release and
contribute to impaired cardiac contraction.We sought to determine if a relation-
ship between contractile performance and t-tubule structure may contribute to
human heart failure. To test this idea we exploited the regional heterogeneity in
contractility found within the failing human heart. MRI analysis was performed
on patients with non-ischemic dilated cardiomyopathy awaiting a cardiac trans-
plant. Tagged MRI was used to locate regions of different fractional shortening
(circumferential strain) within the same heart. A model of the diseased heart
was then created using MRI images from which a sampling map was created
and used to sample tissue regions from the patient’s heart (at transplantation).
Using this methodology we were able obtain 14 tissue samples from 5 diseased
hearts with corresponding contractility data ranging from poor (%Sc 2) to near
normal function (%Sc 15). Tissue sections from these regions were labelled
with fluorescent wheat germ agglutinin (WGA) and imaged using confocal mi-
croscopy. Fourier analysis of WGA labelled t-tubule images was used to assess
t-tubule integrity of the cardiac myocytes using a modification of an established
technique. Briefly, the height of the peak in the power spectrum corresponding
to sarcomere spacing of t-tubules provided a metric of integrity (TT power).
The mean TT power showed a strong positive relationship with fractional short-
ening data (R2=0.61 p<0.001) suggesting that loss of t-tubule structure plays
a role in reduced contractile function in human heart failure.
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In cardiomyocytes, cytosolic Ca removal is mediated by sarcoplasmic reticu-
lum Ca ATPase (SERCA), sarcolemmal Na/Ca exchanger (NCX), plasmalem-
mal Ca ATPase and mitochondrial Ca uniporter (MCU). We quantified
spatiotemporal inhomogeneities in cytosolic Ca removal in normal and dis-
eased hearts and explored underlying mechanisms. Ca transients (1 Hz, Fluo-
4 AM) were recorded using confocal microscopy in ventricular cardiomyo-
cytes. Time constant of cytosolic [Ca] decay (tau_loc) was quantified at 1
mm intervals across the cell. In murine cardiomyocytes tau_loc distribution
was inhomogeneous, with a maximal difference between cell regions of
23759 ms and a variation coefficient (CV_tau) of 1452% (mean5S.E.M.,
n=10 cells). tau_loc was not releated to the local amplitude or release kinetics
of Ca. Coherent regions of fast (fastCaR, tau_loc<mean tau of whole cell) and
slow (slowCaR) Ca removal had similar widths (4.650.2 vs. 5.150.5 ı`m). For-
skolin accelerated, and SERCA inhibitor cyclopiazonic acid (CPA) inhibitedCa removal significantly more in slowCaR than in fastCaR. In contrast,
NCX-inhibitor SEA0400 slowed cytosolic Ca removal similarly in slowCaR
and fastCaR. Also, CV_tau was unchanged in NCXþ/- knock-out mice, sug-
gesting no contribution of NCX to dyssynchrony in cytosolic Ca removal. tau_-
loc distribution was also inhomogenous in pig cardiomyocytes. Ca removal was
more dyssynchronous in cardiomyocytes from chronic (4 weeks) ischemic pig
myocardium (peri-infarct zone) vs. sham-operated pigs (CV_tau 2451%vs.
2051%, n=57 cells/group, p<0.05).Simultaneous recording of Ca transients
and mitochondrial signal (mitotracker) unveiled a significant correlation be-
tween FastCaR regions and mitochondria (n=9 cells, p<0.05). Ru360 (MCU-
inhibitor) slowed tau_loc more in FastCaR (to 126512% vs. 112510% of
baseline in SlowCaR;p<0.05, n=5).Conclusion: Cytosolic Ca removal is dys-
synchronous in mouse and pig cardiomyocytes. Ca removal in chronically is-
chemic cardiomyocytes is more dyssynchronous, suggesting a potential new
mechanism of cardiomyocyte dysfunction. Mitochondria influence the differ-
ences in local Ca reuptake.
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Cardiac excitation-contraction coupling relies on calcium release from internal
stores (the sarcoplasmic reticulum -SR) via ryanodine receptors (RyRs), which
are intracellular calcium channels. Most RyRs are organized into clusters
within narrow dyadic junctions between sarcolemmal and sarcoplasmic reticu-
lum (SR) membranes. It is still unclear how junctions are formed and main-
tained. One protein that has been implicated in dyadic junction formation is
the cardiac isoform of the junctophilin family, junctophilin-2 (JPH2). With
the increased resolution available in multi-color super-resolution microscopy
it is now possible to investigate the nanoscale relationship between proteins
such as RyRs and JPH2 which are found within the junction. Using single flu-
orophore localization based super-resolution microscopy we have studied the
distribution of a number of such proteins in rat ventricular myocytes.
Analysing the peripheral distributions of the cardiac ryanodine receptor (RyR)
and a junctional protein, junctophilin-2 (JPH2), we have found that JPH2 was
almost completely associated with RyR clusters. Estimates of co-localization of
~89% between JPH2 and RyRs confirmed near complete colocalization within
peripheral couplons. The shape of associated RyR clusters and JPH2 clusters
were very similar, suggesting that JPH2 is dispersed throughout RyR clusters
and that the packing of JPH2 into junctions and the assembly of RyR clusters
are tightly linked. Our data shows, with nanoscale resolution, that junctophilin
is not constrained to specific anchoring domains within the junction, but is in-
terspersed throughout the entire area occupied by RyRs.
These results demonstrate the utility of fluorescent multi-colour super-resolu-
tion immuno-labeling to investigate protein proximity at the nanometer scale.
The ability to resolve the association of different molecules into the same bio-
logical structure at the nanoscale (here the dyad junction) should give new in-
sight into the assembly and function of macromolecular signaling complexes.
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The force frequency relationship has intrigued researchers since its discovery
by Bowditch in 1871. Several attempts were made to construct mathematical
descriptions of this phenomenon; from the simple formulation of Koch-
Wesser & Blinks in 1963 to the most sophisticated ones of present days.
This property of the cardiac muscle is amplified by the b adrenergic stimula-
tion. In a coordinated way the neurohumoral state alters both: frequency (acting
on the SA node) and force generation (modifying the ventricular myocytes).
This synchronized tuning is needed to meet new metabolic demands. Failure
to do so has deleterious consequences. We implemented this physiological co-
ordination in a new version of LabHEART (v5.5) where the cell parameters are
updated according to the frequency of stimulation in a sigmoidal fashion
(namely: ICaL, IKs, SERCA pump and myofilaments’ Ca-sensitivity). This
feed forward modeling helps to reproduce a more realistic cell behavior and
complement the information obtained by experiments where frequency has
been altered but without adding b-adrenergic agonists. Plots like rate-
adaptation or APD vs cycle length can, now, be mapped into the neurohumoral
state to provide insights about arrhythmias (or antiarrhythmic drugs). Cardiac
Tuesday, February 28, 2012 553amodelers have already linked the mechanical and the electrical activity in
their formulations and showed how those activities feedback on each other.
Feed forward modeling is a step towards reproducing the neurological control
and thus, to have a complete description of the heart performance, particularly
when changes in frequency are involved. The presumptive sigmoidal depen-
dence of parameters on pacing frequency used here can be refined but is a valid
starting point to implement the convergence of cardiac chronotrophy and
inotropy.
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Transient receptor potential (TRP) channels have been assigned to a wide ar-
ray of important physiological functions but in cardiac myocytes TRPC chan-
nels are almost exclusively associated with diseases. Using TRPC1/C4
double KO or TRPC1 and TRPC4 single KO mice we investigated a putative
physiological role of TRPC1/C4 channels in cardiac myocytes. We have used
high-speed confocal microscopy, video-imaging and electrophysiology of sin-
gle ventricular myocytes to investigate local as well as global calcium han-
dling, contractility and electrical properties of the cells. For TRPC1/C4
dKO mice we found decreased global calcium transients, with both amplitude
(20% reduction) and basal, diastolic calcium concentration (around 15%)
affected. Cellular contractility was reduced by more than 35%. L-type cal-
cium current density was constant but the calcium content of the sarcoplas-
mic reticulum (SR) displayed a 20% reduction. Calcium sparks showed an
almost 20% reduction in amplitude while other spatiotemporal parameters
were unchanged. Both Na/Ca exchanger and SR-calcium pump activity
were unchanged. In Mn-quench experiments we found an almost 50% reduc-
tion of Mn entry in unstimulated conditions when comparing cells from
TRPC1/C4 dKO and wt mice. Using myocytes from TRPC1 or TRPC4 single
KO mice we observed a reduction of global calcium handling and
SR-calcium content for both genotypes. From these data we concluded that
both, TRPC1 and TRPC4 channels, play an important role for basal cardiac
calcium handling.
This work was supported by the DFG, BMBF and the Medical Faculty.
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Several pathologies are associated with defects in Ca2þ handling; One exam-
ple is T-wave alternans (TW-Alt). TW-Alt is observed as alternating beat-to-
beat changes in the T-wave of the electrocardiogram (ECG) and constitutes an
important arrhythmogenic mechanism. The likelihood of TW-Alt increases
with tachycardia and is thought to be associated with abnormalities in intracel-
lular Ca2þ handling. Thus, the regulation of the Ryanodine Receptor (RyR2)
could be essential in understanding the genesis of Ca2þ alternans (Ca-Alt)
and its relationship with TW-Alt. To modify Ca2þ signaling we knocked out
two Ca2þ regulatory proteins: Sorcin and Calsequestrin (Csq2). Ca2þ tran-
sients were measured from the epicardial layer of murine hearts (n=48) using
Pulsed Local Field Fluorescence Microscopy. In addition, simultaneous intra-
cellular action potentials (AP) and ECGs were obtained. Ablation of Csq2 or
Sorcin alone did not induce any significant changes in the time course of Ca2þ
transients or APs. Interestingly, when both proteins were knocked out (Csq/
Sorcin KO) a significant change in the time to peak of the transients were ob-
served (WT 16.152.4 vs. Csq/Sorcin KO 24.551.65). The prolongation of
the release can be explained by the modification of the RyR2 gating by
Csq2 and Sorcin. The restitution of Ca2þ transients was not modified in Sorcin
KO, however Csq KO or Csq/Sorcin KO displayed dramatic changes in the
time course of the restitution. Finally, maximum Ca-Alt at 32 C was signif-
icantly shifted to higher heart rates (from 11.5 Hz to 15 Hz and 14 Hz, respec-
tively) in Csq2 KO and Csq/Sorcin KO but not in Sorcin KO. AP
repolarization alternans and TW-Alt were also modified in Csq2 KO and
Csq/Sorcin KO. We conclude that Ca2þ-binding proteins can regulate the
RyR2 synergistically, modifying bath the frequency dependency of Ca-Alt
and electrical alternans as well.2812-Pos Board B582
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The local control theory of excitation-contraction (EC) coupling states that reg-
ulation of calcium (Ca2þ) release occurs at the nanodomain level, where open-
ings of single L-type Ca2þ channels (LCCs) trigger openings of small clusters
of ryanodine receptors (RyRs) co-localized within the dyad. This control
scheme leads to the EC coupling properties of voltage-dependent gain and
graded release. We have formulated a deterministic ‘‘coupled LCC-RyR
model’’ that captures these properties. The model presented here combines
our local control model with a prior model of guinea pig ventricular myocyte
electrophysiology, metabolism, and isometric force production. It reconstructs
many features of Ca2þ-induced Ca2þ-release, but the strongest prediction con-
cerns the relationship between action potential (AP) shape and Ca2þ release
timing. In species expressing the transient outward current (Ito), APs exhibit
a ‘‘notch’’ and Ca2þ transients peak soon after the AP upstroke. However
guinea pig lacks Ito, and its Ca
2þ transients have been shown to peak much
later, aligned with the middle of the plateau phase of the AP. Here the late
peak of the Ca2þ transient arises from low initial EC coupling gain at the
peak of the AP near þ50mV. Gain increases as the AP repolarizes during
the plateau. Addition of Ito and thus the AP notch leads to increased gain early
in the AP, resulting in Ca2þ transients that peak much earlier. The Ca2þ tran-
sient time course controls that of contraction. In larger mammalian hearts, ex-
pression levels of Ito vary with transmural depth. Our model predicts these
expression differences will have a major impact on the temporal waveform
of Ca2þ transients, and therefore timing of contraction. To achieve the most
complete understanding of contraction at the whole-heart level, our results in-
dicate that simulations should incorporate both local control and regional ex-
pression variability.
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Adenosine A2A receptor (A2AR) activation promotes spontaneous calcium re-
lease from the sarcoplasmic reticulum (SR), which can potentially destabilize
the beat-to-beat response. To test if A2AR activation alters beat-to-beat stabil-
ity, patch-clamp technique was used in isolated human atrial myocytes to mea-
sure beat-to-beat changes in L-type calcium current and the tail current elicited
upon repolarization. Calcium imaging was used to measure the calcium tran-
sient and its propagation in multicellular atrial HL-1 myocyte preparations.
The stimulation frequency was increased stepwise (from 0.2 to 2Hz) and
beat-to-beat responses were determined at each frequency, and were classified
as uniform alternating or irregular. In human atrial myocytes, 200 nM of the
A2AR agonist CGS21680 decreased the fraction of uniform responses at 1
Hz (from 23/36 to 15/36) and reduced the maximal frequency where a uniform
response could be maintained (from 1.1150.10 to 0.8050.08 Hz, p<0.05).
The frequency dependent reduction of uniform responses in the presence of
CGS21680 was due to the concurrent increase in fraction of irregular responses
(from 1/36 to 7/36 at 1 Hz and from 13/36 to 26/36 at 2 Hz). In cultured atrial
HL-1 myocytes, CGS21680 also decreased the number of uniform responses
from 50/80 to 35/80. Moreover, CGS21680 destabilized the propagation of
the calcium transient. Overall, a uniform propagation of 38/80 calcium tran-
sients was observed in control conditions and only 22/80 transients showed uni-
form propagation after exposure to CGS21680. We conclude that stimulation of
adenosine A2A receptors promotes the induction of irregular beat-to-beat re-
sponses at lower stimulation frequencies and favors a non-uniform propagation
of the calcium transient, which may contribute to the generation of atrial
arrhythmia.
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Doxorubicin is a powerful chemotherapeutic agent used to treat breast cancer.
Doxorubicin’s use is limited due to the development of cardiotoxic side effects
